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AZZURRO provides GaN-
on-Si wafers for 1kV device
Last year in August, AZZURRO Semicon-
ductors came out of stealth mode and stirred
considerable interest in the compound com-
munity, when CTO Dr Armin Dadgar gave a
presentation on the epi-wafer foundry’s suc-
cessful growth of thick, crack-free 150mm
GaN on Si-substrates at the ICNS conference
in Bremen. Now the company is on the eve of
being able to take the credit for its epi-
wafers having broken the barrier to GaN-on-
Si devices, achieving more than 1kV break-
down voltage. These devices have been cre-
ated for an industry customer by MicroGaN
of Ulm.
AZZURRO is something of a rarity being
a pure-play epi-wafer foundry.The pri-
vately held company was founded by
two pioneers in the field of GaN-on-Si
technology, as a spin-off from the Otto-
von-Guericke-University Magdeburg. It
was the first to show thick, MOVPE
grown, crack-free GaN of more than
1µm[1] and up to 7µm[2] in thickness on
a Si-substrate and still commands a lead-
ing position, as shown by the recent pub-
lication of the first GaN-on-Si LED on
Si(001) instead of Si(111).[3]
The high power
electronics market
It is still early in the development and trials
of 1kV power devices, but as Asif Anwar of
Strategy Analytics puts it, in a recent
report:“The military and high power 
electronics markets both have future
needs that will make use of the advantages
offered by wide bandgap materials such as
GaN; and this will help the developing
GaN device market.”The power market
will be one of the driving engines of the
overall GaN electronic market.[4]
For GaN electronics to become a major
force beside the established US$2.4 bil-
lion market for GaN-based HB-LEDs, sever-
al companies have spearheaded the devel-
opment with groundbreaking work on
high frequency RF devices, including ever-
increasing performance but also life-time
reliability tests and mass-production
processes. Beyond a cut-throat price for
silicon, established processes and practi-
cally zero failure-rates during the long life-
time of such devices are the factors keep-
ing the compound semiconductors at bay.
In the market for wireless cellular infra-
structure, silicon based LDMOS devices
still command a market share of more
than 90%. In the market for high power
electronics it is also silicon which has to
be beaten. But with SiC already on its way
to gain a foothold in the market, the far
superior material properties of SiC and
GaN (Table 1) should prevail once the
final technological issues are resolved.
Naturally price will also matter as the sili-
con industry is not going to leave the
field without a tough fight on technology
alone. GaN-on-Si is believed to offer sig-
nificant cost advantages over pure SiC-
based devices, because of the availability
of large area substrates and the lower epi-
and substrate cost, but will still be more
expensive than silicon. Says AZZURRO’s
CEO Alexander Lösing:“We believe that
the price per area has to fall substantially
if the GaN electronics industry wants to
develop to sustainable market sizes.”Thus
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Figure 1. (Left) Image of a Schottky diode, and (right) cross-section of a Schottky diode. [Figure 1(a) courtesy of MicroGaN GmbH.]
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one can understand the company’s pure-
play epi-wafer foundry model to offer
customers an independent high volume
and high quality epi-wafer source.
GaN-on-Si: 
Market analysis
It has been discussed very often which
substrate material will be the best for GaN
and it is here that AZZURRO has a very
strong opinion, because of the fundament-
al economic benefits of GaN-on-Si.
“Already producing 150mm wafers, we
see 200mm as the next step since it is
only silicon which is available in large
substrate diameters in the highest quali-
ties,” says Lösing.
The company also said that the low ther-
mal conductivity will not allow sapphire
to make the jump to 150mm while SiC is
just now reaching 100mm and native
substrates are far from being cheap
enough.Another area of optimism for its
technology’s long-term success stems
from the ability to integrate silicon based
ICs on the backside of its wafers.
A reason against using silicon substrates
is that in comparison to GaN the material
will always be fairly conducting (less
than approximately 10 kΩ/cm).To avoid
that pitfall AZZURRO employed some
aspects of its patented buffer technology,
preventing current leaking through to
the substrate. Figure 1 shows the princi-
pal structure and a picture of a Schottky
diode made from AZZURRO’s wafers,
achieving breakdown voltages of more
than 750V.The thickness of the overall
structure was well below 5µm leaving
room for improvements, since the thick-
ness of the GaN-layer is one major factor
determining the breakdown properties.
Beyond the outright material advantages
enabling devices which are smaller, less
temperature-sensitive and more efficient
than silicon devices, in the case of
Schottky diodes, it also allow savings in
board space, because of reduced require-
ments for so called ‘snubber circuits’.
“In the end the customer does not care
which material system he buys, as long
as the price/performance ratio is better –
and the auxiliary effects seem to favour
GaN as well,” says Lösing.
Strain engineering 
technology
The achievement of 150mm GaN-on-Si
wafers within a few weeks after starting
production at AZZURRO, has been sup-
ported by the use of an in situ curvature
control measurement tool to apply its
patented strain engineering process.The
tool, now commercially available from
LayTec GmbH, was also envisioned and
developed at the Otto-von-Guericke-
University Magdeburg.
Besides high voltage devices,AZZURRO
is currently developing structures for
many other applications.
CTO Dr Dadgar explains the company’s
operation in stealth mode:“We do not
believe in shouting out what might be
possible sometime in the future, but only
in disclosing what we can achieve today
and reproducibly. For the LED market’s
future we see no reason why GaN-on-Si
LEDs cannot be as bright as established
technologies, once the substrate has
been removed.”
Lösing stresses AZZURRO’s belief in 
the high power electronic market:
“Even if GaN takes 50% of the high fre-
quency RF market, we cannot see how
it is ever going to come close to the 
size of this [high power electronics]
market.”
Based on inexpensive silicon substrates,
the GaN-on-Si power device indicates
that the 1kV mark is clearly a sign of a
powerful future.
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Table 1. The superior material properties of SiC and GaN.
Si GaAs SiC GaN
Bandgap (eV) 1.1 1.4 3.26 3.39
Thermal conductivity (W/cmK) 1.3 0.6 4.9 ~2.0
Relative dielectric constant 11.8 12.8 10 8.9
Saturation velocity (× 107 cm/s) 1.0 2.1 ~2 2.5
Breakdown field (MV/cm) 0.3 0.4 >2.0 >2.2 (5)*
*2.2 MV/cm (experimental), 5 MV/cm (theoretical) from Z.Z. Bandi et al. Appl. Phys.
Lett. 74, 1266 (1999).
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